Strain S-632 was found to produce new glutarimide antibiotics, S-632-Bi and B2, which were isolated from the culture fluid. A taxonomic study on strain S-632 was carried out, and the taxonomic characterization demonstrated that it belonged to the species Streptomyces hygroscopicus. The strain was given the nameS. hygroscopicus S-632.
In the course of our screening program for newantibiotics, we found antifungal antibiotics active against Saccharomyces cerevisiae in the culture fluid of a Streptomycete, strain S-632, isolated from a soil sample.
As a result of the isolation and characterization of four antibiotics, designated as S-632-A1? A2, Bx and B2, S-632-Bi and B2 were found to be new members of the glutarimide antibiotics. From the taxonomic studies, strain S-632 was classified as Streptomyces hygroscopicus. In this paper, we describe the taxonomy of the producing organism, fermentation and biological activities of the antibiotics.
Isolation, physico-chemical properties and structure elucidation are described in the accompanying paper1}.
Taxonomic Studies Strain S-632 was isolated from a soil collected at Shandong Province, China. Methods and media described by the International Streptomyces Project (ISP)2) and WaksmAn3)were used to determine most of the morphological and physiological characteristics.
All observations were made during the first 21 days of incubation at 27°C. Color names were assigned according to the "Guide to Color Standard"4) and hue numbers were those of the "Color Harmony Manual"5).
The aerial mycelium of strain S-632 was well branched with sporophores forming open spirals with 10 to 50 or morespores per chain (Fig. 1A ). Whirls were not observed. The spores were cylindrical in shape and 0.8~1.0xl.l~1.2 jum in size or had a non-segmented form. They had a smooth or rugose surface showing category for intermediate between a spiny and warty shape (Fig. IB) . Cultural characteristics of the strain S-632 on the media used for the taxonomic studies are shown in Table 1 . The vegetative mycelium was colorless to pale yellowish brown on almost all media.
The aerial mycelium was white at first, later becoming light gray to light brownish gray with black moist Bars represent 5 jum. diaminopimelic acid. Accordingly, the cell wall of this strain was classified as Type I. Whole-cell sugars were identified by the procedure of Lechevalier7). However, no characteristic sugar pattern wasnoted. The utilization of carbon sources was examined by the method of Pridham and Gottlieb8) on ISP medium No. 9. Cultures of strain S-632 grew well on L-arabinose, D-xylose, D-fructose, sucrose, L-rhamnose, raffinose, inositol, D-mannitol, D-galactose, soluble starch, dextrin, glycerol and maltose. However, they only grew moderately on D-glucose (positive control) and salicin, and grew poorly on carbon-free basal medium (negative control) and cellulose.
Microscopic studies and cell wall analysis of strain S-632 indicated that the strain should be classified in the genus Streptomyces. According to the literature3 '9) on Streptomyces, strains for which the aerial mycelium becomes moist and forms dark hygroscopic masses at maturity are classified as S. hygroscopicus. As shown in the description of Dietz and Mathews10'u), the sheath is sometimes wrinkled or ridged ("rugose") producing a silhouette which appears to be either warty or even spiny. Based on the spore-chain morphology observed by electron microscopy, Dietz12) classified "hygroscopic" Streptomyces strains into two species and proposed that "hygroscopic strains" with rugose spore surface should be designated as S. hygroscopicus and those with elliptical spore surface as S. neohygroscopicus (S. platensis). Based on these criteria, strain S-632 resembles a S. hygroscopicustype strain. Accordingly, the strain was compared with the published descriptions9»13~17) of various "hygroscopic" Streptomyces sp. Besides S. hygroscopicus, the following strains are known to belong to this type : Streptomyces endus, Streptomyces melanosporofaciens and Streptomyces violaceoniger. Therefore, strain S-632, S. endus IFO 12859 (ISP 5187), S. melanosporofaciens IFO 13061 (ISP 5318), S. violaceoniger IFO 13459 (ISP 5563) and S. hygroscopicus IFO 13472 (ISP 5578) were directly compared. S. melanosporofaciens and S. violaceoniger could be differentiated from strain S-632 as follows : S. melanosporofaciens differed from strain S-632 in the color of substrate mycelium, utilization of sucrose and nitrate reduction, and production of a light reddish brown non-melanoid pigment in a Theseresults in parentheses wereshownin the reference.
tyrosine agar. S. violaceoniger was differentiated from strain S-632 by the spore-chain morphology, nitrate reduction, milk coagulation and a light reddish brown non-melanoid pigment in tyrosine agar, although it resembled strain S-632 in utilizing carbon sources. On the other hand, S. hygroscopicus has almost the same morphological, cultural and physiological characteristics, but has a different capability in utilizing carbon sources such as sucrose, inositol and raffinose and in coagulating milk. The results of the comparison with S. hygroscopicus are shownin Table 3 . S. endus was also included in the comparison and was not significantly differentiated from S. hygroscopicus in accordance with previous observations1^. Consequently, strain S-632 was regarded as belonging to the species, S. hygroscopicus, and was designated as S. hygroscopicus S-632.
The To prepare vegetative inoculum, cultures of S. hygroscopicus S-632 were frozen at -20°C as suspensions in deionized water containing 10% glycerol. When needed, a vial was thawed and 2 ml of the frozen seed stock was used to inoculate 100 ml of the seed medium in a 500-ml Erlenmeyer flask, which then was incubated at 27°C for 3 days on a reciprocal shaker (amplitude 7 cm, 140 strokes/minute). The seed mediumconsisted of glycerol 4.0%, glucose 0.2%, potato starch 0.2%, soybean meal 2.0%, peptone 0.5%, dried yeast 0.5%, NaCl 0.5% and CaCO3 0.2% (pH 7.0). The resultant vegetative growth was used to inoculate at a rate of 5%in a 500-ml Erlenmeyer flask containing 100 ml of the fermentation mediumof the following compositions: Glycerol 3.0%, glucose 0.2%, potato starch 0.2%, soybean meal 2.0%, peptone 0.3%, dried yeast 0.5% and NaCl 0.3% (pH 6.4). The fermenta-tion was carried out on the same reciprocal shaker as described above at 27°C. Progress of the fermentation was monitored by a paper-disc diffusion method using S. cerevisiae IFO 0304 as the test organism. The ratio of respective components produced was also monitored by comparison of inhibition zones on bioautography against S. cerevisiae using Silica gel 60 F254 TLC plate (Merck No. 5715) developed in ethyl acetate. A typical time course of the fermentation is shown in Fig. 2 . Peak antibiotic titers were obtained after 5~7 days of incubation.
Biological Activity The antifungal spectra of component S-632-Bl9 B2 and A2 (9-methylstreptimidone) as well as cycloheximide as reference compoundwere determined by a serial agar dilution method using Sabouraud's agar after 48 hours-incubation at 27°C. Due to the poor solubility in water, these antibiotics were initially dissolved in dimethyl sulfoxide and subsequently diluted with the medium. The antifungal activities of these antibiotics were compared, as shown in Table 4 . The components S-632-A2, Bx and B2 were active against Saccharomyces sp. but inactive against filamentous fungi, Gram-positive and The cytotoxic activity in vitro of components S-632-A2, B1 and B2 was determined on KBcarcinoma cells. KBcells (2 x lO4 cells/ml) were cultured in Eagle's minimal essential medium supplemented with 10% calf serum at 37°C under a 5% CO2 -95% air atmosphere. After incubation for 24 hours, the various concentrations of the antibiotics were added to the culture medium. Concentration of the antibiotic required for 50% inhibition of cell growth (IC50, A«g/ml) was determined by plotting the logarithms of the concentration versus the growth rate of the treated cells. Whenthe cells were exposed to the antibiotics for 3 days, S-632-Bl5 B2 and A2 possessed cytotoxic activity with IC50 values of 0.03, 3 and 1 /Wg/ml, respectively. Cycloheximide exhibited an IC50 value of 0.08 /^g/ml. In addition, the antitumor activity of the antibiotic S-632-Bi in vivo was determined by ip injection in BDF1 mice. No activity was observed against leukemia P388 at the dose up to 80 mg/kg. The acute toxicity of S-632-Bi in mice was LD50>80 mg/kg (ip).
The effect of S-632-Bi on the incorporation of [3H]thymidine, [3H]uridine and [3H]leucine at concentrations of 1 -100^g/ml into acid precipitable macromolecules of KB carcinoma cells was determined. Whencells were exposed to the antibiotic for 5 hours, inhibition of incorporation of [3H]-leucine into 5 % TCAinsoluble materials was relatively more marked than that of the other two precursors at lower concentrations of the antibiotic.
The results suggest that protein synthesis is the primary target of antibiotic S-632-Bi.
